Flavonoid composition during the ontogenetic cycle was examined in Pyracantha coccinea. The #avonoid pro"les of plants at di!erent ages showed marked di!erences in aerial and hypogeal parts. In the vegetative phase there are #avonoids (#avanones, #avones, and #avonols) only in the aerial parts and they appear gradually during the plant life. These secondary metabolites are detectable in the roots exclusively in the reproductive phase.
Introduction
Pyracantha coccinea M.J. Roemer (Rosaceae) is an evergreen shrub found in Central and Southern Italy and also cultivated as an ornamental plant in Northern Italy (Pignatti, 1982) .
It is used in traditional medicine for diuretic, cardiac and tonic properties in its fruits (Kowaleuki, Mrugasiewicz, 1971) . Previous investigations showed, in the adult plants, the presence of #avonoids both in the aerial and in the hypogeal parts, although the qualitative compositions were very di!erent (Bilia et al., 1991 (Bilia et al., , 1993 (Bilia et al., , 1994 . 
We have carried out a study to see if the di!erent #avonoid composition in hypogeal and aerial parts was acquired during the plant development or was present in every phase of plant growth. We have therefore examined P. coccinea at di!erent growth phases (plantlets and plants in the vegetative, #owering and fruiting phases) and we report here the #avonoid pattern and its distribution in the plant organs.
Materials and methods
P. coccinea cultivated in Milano (Orto Botanico, Via Colombo), Italy, was employed in this study and a voucher specimen (P 101) was deposited in the herbarium of the Department of Biology of University of Milano.
The seeds were obtained from the same plants used for the previous investigation of the #avonoid content (Bilia et al., 1991 (Bilia et al., , 1993 .
The plants were grown initially in a greenhouse with a photoperiod of 12 h, because the "rst phase of growth (from seeds to plantlets) is very delicate. Subsequently the plants were transferred to a "eld environment and harvested at four stages of development: 6 months (9 cm high), 1 year (25 cm high), 2 years (65 cm high), 3 years old (80 cm high). After harvesting the plants were washed with water, powdered and extracted for #avonoid analysis.
The plant material: roots, stems, leaves, #owers, fruits, and seeds separately were exhaustively percolated with ethanol at room temp. for one week. The evaluation of the constituents was e!ected with TLC. Plates of silica gel and two solvent systems, CHCl }MeOH (4:1) and EtOAc}HOAc-HCO H}H O (11 : 1.1 : 1.1 : 2.7) were used. The compounds were visualised by UV and spray reagents and identi"ed by comparison with standard #avonoids. The spray reagents were diphenylborinic acid 
ethanolamine ester, called also Natural products reagent (NTS) and polyethylene glycol 4000 reagent (PEG); they were purchased from Aldrich-Chemie (Steinheim, Germany). For a complete identi"cation of the constituents HPLC analysis was used and the R and UV spectra were compared with those of authentic samples. The HPLC analyses were carried out in a Hewlett-Packard 1090 apparatus, with a diode-array detector. An RP-18 column was used (Merck 250;4 mm), #ow rate of 1.3 ml;min\ and the UV detector wave lengths were 256, 284, 350, 360 nm. A gradient elution of H O (A) at pH 3.5 and CH CN (B) was employed: 0}10 min 88% A, 12% B; 10}15 min 82% A, 18% B; 15}30 min 55% A, 45% B; 30}35 min 100% B, 35}42 min 100% B. Fig. 1 . Aglycones in the ipogeal parts.
Results and discussion
In the aerial parts, young plantlets showed the presence of pyracanthoside and rutin, while in one year old plants hyperoside and isoquercitrin were also found. The number of #avonoid compounds increased in the subsequent phases of growth. In the 2 years old plant, besides the above-mentioned compounds eriodictyol, quercetin, hexa-acetylpyracanthoside, isoorientin, quercetin-3-rhamnoside, and naringenin-7-glucoside were present. In the 3 years old plants, apigenin, naringenin, vitexin, and vitexin-2-rhamnoside were found (Table 1) . During the vegetative phase #avonoids were not detected in the roots.
In the #owering and fruiting plants about 30 metabolites were found and these were also present in the roots (Table 2 ). Both #owers and fruits had a high content of #avonoids while, ripe seeds were totally devoid of these metabolites.
Pyracanthoside and rutin, the two #avonoids that appear "rstly in the plantlets, are always present during the growth phases of P. coccinea and they are also the main constituents.
With regard to the distribution of #avonoids in the plants during the reproductive phase, it is noteworthy that #avanones and #avones, without or with only para oxygen substitution in the B ring, were present in the roots, together with a chalcone and three dihydro#avonols (Fig. 1) . By contrast 5,7-dihydroxy #avonols and #avanones with mono-, di-, and tri-oxy substitution of the B ring were found in the aerial parts (Fig. 2) . Furthermore, many #avonoids of the aerial parts had O-and C-glycosilation with one or two sugar units (glucose, galactose, and/or rhamnose), while, in the roots only 5-or 7-O-monoglucosides were identi"ed.
This spectrum of compounds does not allow taxonomic identi"cation of the entity. However the study of the time course of #avonoid accumulation, during the plant life, shows that the capability of biosynthesising these metabolites appears gradually and in speci"c organs only. The peculiar distribution of #avonoid compounds in the roots and aerial parts poses an interesting problem with respect to the site of biosynthesis. Since there is evidence (PareH et al., 1992) that #avonoids with oxygen substitution and without oxygen substitution in the B ring are biosynthetized via two distinct biosynthetic pathways, we can presume that the "rst of these is activated in the aerial parts since the early phases of seeds germination and plantlet formation, while the onset of the second one occurs later, during the reproductive phase and only in the roots. Therefore the analysis of #avonoid composition during the ontogeny of P. coccinea can be useful tool in the study of the activation of secondary metabolism.
